Bound entanglement with a nonpositive partial transposition (NPT) does not exist. For any NPT entangled state a distillation procedure can be based on a certain number of copies. This number is the minimal Schmidt rank of a pure state needed to witness the NPT entanglement under study.
that any state of this type can be distilled. This proves the conjecture that all bipartite BE states are PPT and entangled.
Without loss of generality we consider a finite Hilbert space, H = H 1 ⊗ H 2 . The generalization to continuousvariable systems follows immediately [22] . Further on we may assume in the following that the PT map acts on the second system, T 2 . The NPT condition for entanglement reads as [7] ∃|φ ∈ H : φ|ρ T2 |φ < 0.
Negativities can also be found in terms of principal minors [11] . A unification of both ideas, together with Ref. [16] , will deliver the possibility to distill all NPT quantum states. First of all let us define some general notions. The permutation group is defined as
The identity is denoted by e ∈ S d , and τ ∈ S d be an arbitrary transposition (permutation of two elements). On this group the sign-function is given by
The value sign f = +1 denotes a decomposition of f into an even number of transpositions, f = τ 1 • · · · • τ 2n , and sign f = −1 for an odd number of transpositions,
For an efficient treatment of minors it is advantageous to consider the vector of a permutation f ,
the identity vector
and the composition of two subsequent permutations
The operation f can be interpreted as the permutation matrix P f ⊗ · · · ⊗ P f , with P f |k = |f (k) . Now let us consider some properties of principal minors. Therefore the linear map C (C :
t=1 C, and the matrix elements C t,s are given. The Leibniz formula reads as
Using the above representation of the permutation vector we may write
It is useful to rewrite the determinant as a bilinear expression. This ansatz will finally deliver a connection between quantum expectation values and principal minors,
by substituting h = f • g −1 we obtain from Eq. (8)
Further on we can consider the following superpositions:
Together with
we obtain
Note that det AB = det A · det B.
In the following let us consider a state |φ which delivers φ|ρ T2 |φ < 0. The Schmidt decomposition [1] reads as |φ = d k=1 λ k |k, k . Let us assume that the Schmidt rank d of |φ is the smallest integer, which delivers negativities. Obviously the minor with (k, k, l, l)-elements is negative and it has the smallest number of elements. The matrix C is given by C i,j,k,l = i, j|ρ T2 |k, l , with i.j, k, l ∈ {1, . . . , d}. The minor, resulting from the state |φ , with the (k, k, l, l)-elements is denoted as det φ . Now we obtain, in analogy to Eqs. (8) and (13),
Our desired two qubit state is
The substitutions
Together with the substitution h • f = g (h even), the prefactor can be written as
Thus we obtain,
The state |ψ is a local transformation of |ψ . Now let us calculate, similar as in Eqs. (9) and (10), our desired expectation value:
Let us consider one term of Eq. (21),
Thus we obtain from Eqs. (21) and (23),
Therefore it exists a Schmidt rank two state |ψ , with ψ|(ρ T2 ) ⊗d |ψ < 0. Hence ρ is destillable, according to the results in Ref. [16] . The distillation needs d copies, since d is the smallest Schmidt rank of a state exhibiting negativities.
In conclusion we have shown, that all NPT states are distillable. Together with the well known fact that entangled PPT states are bound entangled, the conjectures bound entangled states are PPT states, or equivalently, NPT states are always distillable, haven been proven to be correct. The number of copies needed for the destillation is given by the minimal Schmidt rank among all the pure states witnessing the NPT entanglement.
